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(57) ABSTRACT

Disclosed are a method and device for determining user
equipment (UE) positioning information during a minimum
drive test (MDT) process to ensure that during the MDT
realization process, the acquisition of the UE position infor-
mation is not limited by the positioning capabilities of a
network positioning server or the UE, that is, a network side
can determine the UE position information required by the
MDT without the positioning support function of the posi-
tioning server and the UE. The method of the present inven-
tion for determining the user equipment (UE) positioning
information during a minimum drive test (MDT) process
comprises: selecting a UE in a connected state, and determin-
ing an MDT measurement result corresponding to the UE
(S101); determining the UE positioning information, and
adding the UE positioning information to the MDT measure-
ment result corresponding to the UE (S102).
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METHOD AND APPARATUS FOR
DETERMINING LOCATION INFORMATION
OF UE DURING MDT PROCEDURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a U.S. National Stage under 35
U.S.C. §371 of International Application No. PCT/CN2013/
070280, filed on Jan. 9, 2013, entitted METHOD AND
DEVICE FOR DETERMINING UE POSITIONING
INFORMATION DURING MDT PROCESS, designating
the United States, and claiming priority to Chinese Patent
Application No. 201210004827.0, filed with the Chinese
Patent Office on Jan. 9, 2012 and entitled “Method and Appa-
ratus for Determining Location Information of UE during
MDT Procedure”, which was incorporated by reference in its
entirety.

Field of the Invention

The present invention relates to the field of communica-
tions and particularly to a method and apparatus for deter-
mining location information of a UE during an MDT proce-
dure.

BACKGROUND OF THE INVENTION

Among the characteristics of a Minimum Drive Test
(MDT), an important aspect is how to obtain relatively pre-
cise location information. An existing scheme is as follows: a
User Equipment (UE) tries its best to provide location infor-
mation according to its own condition without additionally
obtaining location information for the MDT.

It a UE is provided with the function of a Global Naviga-
tion Satellite System (GNSS), e.g., a Global Positioning Sys-
tem (GPS), then the current location of the UE can be
obtained directly by using the GPS, which is referred to as
standalone GNSS positioning.

Due to the costly GPS and considerable fading of a GPS
signal in an indoor scenario, a scheme has been proposed to
obtain location information of a UE over a mobile commu-
nication network, i.e., a LoCation Service (LCS), typically
the Cell Identifier (ID) and enhanced Cell ID schemes, the
Observed Time Difference of Arrival (OTDOA) scheme, the
Assisted-Global Navigation Satellite System (A-GNSS)
scheme, etc.

An LTE LCS control-plane positioning flow as illustrated
in FIG. 1 includes the following steps:

1. A Mobility Management Entity (MME) receives a loca-
tion service request, which may be a request initiated by a UE
to the MME via a Non-Access Stratum message or may be a
location service request initiated by some entity in an Evolved
Packet Core (EPC) (e.g., a Gateway Mobile Location Center
(GMLC)) or initiated inside the MME;

2. The MME sends the location service request to an
Enhanced Serving Mobile Location Center (E-SMLC), and
the E-SMLC selects an appropriate positioning scheme
according to Quality of Service (QoS) information carried in
the location service request, e.g., the precision and delay in
positioning, etc.;

3a. The E-SMLC may trigger an eNB-related positioning
procedure according to the LTE Positioning Protocol A
(LPPa), for example, to obtain auxiliary data required for
positioning or a measurement required for positioning;

3b. The E-SMLC may trigger a UE-related positioning
procedure according to the LTE Positioning Protocol (LPP),
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2

for example, to obtain a location estimation, to transmit aux-
iliary data required for positioning or to obtain a measure-
ment required for positioning;

4. The E-SMLC sends a location service response to the
MME, which includes some required results, e.g., the loca-
tion of the UE, an indicator of a successful positioning or a
failed positioning, etc.;

5. The MME sends the location service response to the
target entity.

Apparently, if the location information of the UE is
obtained through the L.CS positioning scheme, then the UE
has to be in a connected state and interact with multiple
network nodes.

A context of the T,,,+AoA positioning scheme (an
enhanced cell ID-based positioning scheme) will be intro-
duced below.

The positioning principle is as follows:

In the cell ID-based positioning scheme which is a cell
coverage-based positioning scheme, the location of a target
UE is estimated from known geographical information of a
serving cell. The geographical information of the serving cell
can be obtained through calling, paging, Tracking Area (TA)
updating, etc. Inthe T, ,,+A0A positioning scheme based on
the cell ID-positioning scheme, the factors of a Timing
Advance (T, ;) and an Angle of Arrival (AoA) are taken into
account for the purpose of more precise positioning.

An evolved Node B (eNB) obtains the AoA of the UE
transmitting a signal via an intelligent antenna, where the UE
lies on a radial line starting from the eNB and rotated coun-
terclockwise from the direction of the exact north by the AoA;

The T, ;-can be derived from the time difference between
UE reception and transmission, reported by the user equip-
ment, plus the time difference between reception and trans-
mission, measured by the eNB (the T, ,,,-calculated as such is
referredtoasaT ;- TYPEL), or can be measured by the eNB
during a dedicated random access procedure (the T ;- cal-
culated as such is referredto asa T ;- TYPE2). A result that
the T, ;- is multiplied with the velocity of light and then is
divided by two represents the distance between the UE and
the eNB, where the UE lies on a circle with the center thereof
being the eNB and the radius being the distance between the
user equipment and the eNB, and location information of the
user equipment can be obtained according to the angle infor-
mation of the AoA, as illustrated in FIG. 2.

The T ,,;+A0A positioning scheme is typically applicable
to network-based positioning, primarily because the AoA can
be measured only by the eNB, and the T ,,,,, TYPE1 and the
T ,p- TYPE2 are also calculated or measured by the eNB, that
is, all of the measured quantities related to the positioning
scheme are provided by the eNB. All of these measured
quantities can be provided by the eNB to a location server, so
the purpose of positioning can be achieved by supporting
network-based positioning. There is such a resulted advan-
tage of the scheme that a user equipment for which no loca-
tion service is supported can also be positioned through this
scheme.

A positioning flow is as flows:

Positioning by using this scheme an existing LTE system
generally relates to the following flow:

A measurement capability of a user equipment is obtained,
a location server decides a required measured quantity, an
eNB starts a relevant measurement, the eNB reports a relevant
measurement result and location information, and the loca-
tion server calculates about the location. General flows of the
T, pp+A0A positioning scheme in two scenarios will be given
below:
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In a first scenario, positioning is performed by using mea-
surement results of T, ;- TYPE1+A0A, as illustrated in FIG.
3, this process includes the following steps:

Step 11: A UE initiates a location requestto an MME via an
NAS message to request for its own location information, or
some LoCation Service (LCS) client may initiate a location
request to the MME to request for location information of
some UE;

Step 12: The MME initiates the location request to an
E-SMLC;

Step 13a/13b: The E-SMLC inquires about and obtains
positioning capability information of the UE;

Step 14a/145/14¢: The E-SMLC obtains a relevant mea-
surement result of an eNB and information of a serving cell;

Step 15a/15b/15¢: The eNB triggers measurements of a
T ,»» TYPEL, a timing deviation for receiving a signal from
the UE by the eNB, and the AoA as requested by the
E-SMLC;

Step 16: The E-SMLC calculates location information of
the UE according to measurement results of the eNB and
inputs from other parts;

Step 17: The E-SMLC sends a location result (the location
information) to the MME;

Step 18: The MME sends the location result (the location
information) to the UE or the LoCation Service (LCS) client.

In a second scenario, positioning is performed by using
measurement results of T, TYPE2+A0A, as illustrated in
FIG. 4, this process includes the following steps:

Step 21: Some LoCation Service (L.CS) client initiates a
location request to an MME to request for location informa-
tion of some UE, which may be a user equipment supporting
a location service or may be a user equipment supporting no
location service;

10

15

20

25

30

4

Step 27: The E-SMLC sends a location result (the location
information) to the MME;

Step 28: The MME sends the location result (the location
information) to the LCS client, where the LCS client may be
the positioned UE itself.

MDT measurements are categorized as follows:

An immediate MDT refers to an MDT measurement and
report made in a connected state. A Radio Resource Manage-
ment (RRM) measurement mechanism is reused, and once a
report condition is satisfied, a report is made to an eNB or a
Radio Network Controller (RNC) immediately.

A Logged MDT refers to an MDT measurement in an idle
state and a report in a subsequent connected state. Once a
configured trigger condition is satisfied, a measurement result
is obtained and logged and is reported to an eNB or an RNC
on a subsequent appropriate occasion.

A configuration and a report of the immediate MDT will be
introduced as follows:

The immediate MDT is adopted in a connected state.

The immediate MDT is still based on the existing measure-
ment mechanism, and geographical location information is
added thereto. The geographical location information is
optional, and a UE is not required by a network to obtain
precise geographical location information for the purpose of
MDT.

An immediate report is made for the immediate MDT
without recording any time information by a UE. All of the
time information is determined by an eNB or an RNC from
the time when an MDT measurement result is reported by the
UE.

In the LTE system, the following bolded section relates to
an MDT-related measurement result.

MeasResults ::=

SEQUeNBCE {

measld Measld,

measResultPCell SEQUeNBCE {
rsrpResult RSRP-Range,
rsrqResult RSRQ-Range

b

measResultNeighCells CHOICE {

measResultListEUTRA MeasResultListEUTRA,
measResultListUTRA MeasResultListUTRA,
measResultListGERAN MeasResultListGERAN,
measResultsCDMA2000 MeasResultsCDMA2000,
} OPTIONAL,
[[ measResultForECID-19 MeasResultForECID-19 OPTIONAL
[[ locationInfo-r10 LocationInfo-r10 OPTIONAL,
measResultServFreqList-r10 MeasResultServFreqList-r10  OPTIONAL

1

Step 22: The MME initiates the location request to an
E-SMLC;

Step 23a/23b: The E-SMLC inquires about and obtains
positioning capability information of the UE, where this step
may be skipped if the UE supports no location service;

Step 24a/245/24¢: The E-SMLC obtains a relevant mea-
surement result of an eNB and information of a serving cell;

Step 25a/25b: The eNB triggers a dedicated random access
procedure to obtain a T ;- TYPE2 and triggers a measure-
ment of an AoA at the physical layer as requested by the
E-SMLC;

Step 26: The E-SMLC calculates location information of
the UE according to measurement results of the eNB and
inputs from other parts;

55

60

65

A flow of reporting an MDT measurement result, as illus-
trated in FIG. 5, includes:

A user equipment makes a measurement according to a
measurement configuration of a network and reports a result
to an eNB or an RNC, and the eNB or the RNC further
forwards the MDT measurement results to a Trace Control
Entity (TCE) through an Element Management (EM) entity
after collecting the MDT measurement results for a period of
time. In this flow, the eNB or the RNC is responsible for
forwarding a trace record to the TCE.

In summary, all of the existing positioning schemes involve
the location server, and most of them have to be assisted by
the user equipment. During the MDT procedure, the existing
scheme is as follows: the user equipment tries its best to
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provide location information according to its own condition
without additionally obtaining location information for the
purpose of MDT, consequently the existing scheme may be
limited by the positioning capability of the user equipment.

SUMMARY OF THE INVENTION

Embodiments of the invention provide a method and appa-
ratus for determining location information of a UE during an
MDT procedure, so as to ensure the location information of
the UE to be obtained during the MDT procedure without
being limited to a location server of a network and by a
positioning capability of the user equipment, that is, the loca-
tion information of the UE required for the MDT can be
determined at the network side without the location server
and any positioning support function of the user equipment.

An embodiment of the invention provides a method for
determining location information of a UE during an MDT
procedure, including:

selecting a UE in a connected state and determining an
MDT measurement result corresponding to the UE; and

determining and adding the location information of the UE
to the MDT measurement result corresponding to the UE.

An embodiment of the invention provides an apparatus for
determining location information of a UE during an MDT
procedure, including:

an MDT measurement result determining component con-
figured to select a UE in a connected status and determine an
MDT measurement result corresponding to the UE; and

a location information adding component configured to
determine and add the location information of the UE to the
MDT measurement result corresponding to the UE.

In the embodiments of the invention, the UE in the con-
nected state is selected, and the MDT measurement result
corresponding to the UE is determined; and the location infor-
mation of the UE is determined and added to the MDT mea-
surement result corresponding to the UE, thus ensuring the
location information of the UE to be obtained while perform-
ing an MDT function without being limited by a location
server of a network and a positioning capability of the user
equipment, simplifying a flow of obtaining the location infor-
mation of the UE, decreasing a delay in positioning, making
the MDT measurement result more timely and making it
possible to provide relevant location information for all the
online user equipments without being limited by the position-
ing capability of the user equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an LTE control-plane
positioning flow;

FIG. 2 is a schematic diagram of a positioning principle of
TiprtAoA;

FIG. 3 is a schematic diagram of a T, ,,,+A0A positioning
flow (T, ;- TYPED);

FIG. 4 is a schematic diagram of a T ,,,;,+A0A positioning
flow (T, ;- TYPE2);

FIG. 5 is a schematic diagram of a flow of reporting an
MDT result in a connected state;

FIG. 6 is a schematic flow chart of a general method for
determining location information of a UE in a Minimum
Drive Test according to an embodiment of the invention;

FIG. 7 is a schematic flow chart of reporting an MDT
measurement to which location information is added accord-
ing to an embodiment of the invention;
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FIG. 8 is a schematic flow chart of reporting an MDT
measurement to which location information is added accord-
ing to an embodiment of the invention;

FIG. 9 is a schematic flow chart of reporting (in a UMTS)
an MDT measurement to which location information is added
according to an embodiment of the invention;

FIG. 10 is a schematic flow chart of reporting an MDT
measurement to which location information is added accord-
ing to an embodiment of the invention; and

FIG. 11 is a schematic structural diagram of an apparatus
for determining location information of a UE in a Minimum
Drive Test according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Embodiments of the invention provide a method and appa-
ratus for determining location information of a UE during an
MDT procedure, so as to ensure the location information of
the UE to be obtained during the MDT procedure without
being limited to a location server of a network and by a
positioning capability of the UE, that is, the location infor-
mation of the UE required for the MDT can be determined at
the network side without the location server and any position-
ing support function of the user equipment.

Among the characteristics of the MDT, an important aspect
is how to obtain relatively precise location information. An
existing scheme is as follows: the user equipment tries its best
to provide location information according to its own condi-
tion without additionally obtaining location information for
the purpose of MDT. However, along with the development of
technologies, there is a more specific demand of an operator,
and location information of a UE has become necessary infor-
mation during an MDT procedure. The embodiments of the
invention provide such a technical solution that MDT-related
location information is provided by using the T,,,+A0A
positioning scheme for a user equipment in a connected state.

Inthe embodiments of the invention, a network side equip-
ment (an eNB or an RNC) selects an online user equipment in
a cell according to a demand of MDT and instructs the user
equipment to make an MDT measurement or makes the MDT
measurement on the user equipment, performs T, ,,+A0A
positioning according to an uplink signal of the user equip-
ment and adds a location result or a location-related measure-
ment result to an MDT measurement result reported by the
user equipment.

Referring to FIG. 6, an embodiment of the invention pro-
vides a method for determining location information of a UE
during an MDT procedure, the method includes the following
steps:

S101. A UE in a connected state is selected, and an MDT
measurement result corresponding to the UE is determined;
and

S102. Location information of the UE is determined and
added to the MDT measurement result corresponding to the
UE.

Preferably, the MDT measurement result corresponding to
the UE is determined as follows:

A network side equipment configures the UE withan MDT
measurement, triggers the UE to make the MDT measure-
ment and obtains the MDT measurement result reported by
the UE; or

The network side equipment makes the MDT measure-
ment on the UE and determines the MDT measurement result
corresponding to the UE.

In other words, in the embodiment of the invention, the
MDT measurement result may be made and reported by the
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UE to the network side equipment, or the MDT measurement
may be made by the network side equipment (an eNB/an
RNC), that is, the network side equipment makes the MDT
measurement, where the network side equipment makes
T ,p+AoA-related measurements, and adds the location
information to a trace report message send by the network
side equipment to a TCE, and in this case, the UE needs not be
configured by the network side to make any MDT measure-
ment, but instead the network side equipment makes the
relevant MDT measurement on the UE after selecting the UE
for the MDT.

The trace report message sent by the network side equip-
ment to the TCE is a trace record.

Preferably, the location information of the UE is deter-
mined as follows:

A Timing Advance (T ;) and an Angle of Arrival (AoA)
corresponding to the UE are determined; and

The location information of the UE is calculated according
totheT ,,,,-and the AoA corresponding to the UE; orthe T , ;-
and the AoA corresponding to the UE and information of a
serving cell where the UE is currently located are determined
as the location information of the UE.

Preferably, the information of the serving cell where the
UE is currently located is a cell ID. Optionally, the informa-
tion of the serving cell where the UE is currently located may
be geographical location information of a cell antenna.

Preferably, the method further includes:

The MDT measurement result to which the location infor-
mation of the UE is added is sent to the TCE.

Preferably, the MDT measurement result to which the loca-
tion information of the UE is added is sent to the TCE as
follows:

Multiple MDT measurement results and multiple pieces of
location information of the UE added to the MDT measure-
ment results are recorded; and

The recorded multiple MDT measurement results and mul-
tiple pieces of location information of the UE added to the
MDT measurement results are sent to the TCE by reporting
the trace record.

The trace record is the trace record.

Preferably, the MDT measurement result to which the loca-
tion information of the UE is added is sent to the TCE through
an EM.

Four particular embodiments will be described below.

First Embodiment

A flow of adding location information of a UE to an MDT
measurement result in an LTE system without involving a
location server as illustrated in FIG. 7 includes:

An eNB selects a UE in a connected state to perform an
MDT function and configures an MDT measurement.

The UE reports an MDT measurement result.

The eNB measures an uplink signal of the UE and obtains
aT,-and an AoA, and in order to ensure the accuracy of the
T - the eNB may trigger the UE to send a dedicated pre-
amble.

The eNB can calculate the location of the UE according to
the T, ;- the AoA and the geographical location information
of the cell as in the prior art upon reception of the MDT
measurement result, to determine the location information of
the UE, and add the location information of the UE to the
MDT measurement result.

The processes of reporting the MDT measurement result,
measuring the T, ,;-and the AoA, calculating the location of
the UE and adding the location information of the UE to the
MDT measurement result are repeated.
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The eNB triggers to report a trace record after collecting
the location information of the UE and the MDT measure-
ment result for a period of time (the particular length of which
can be set as needed in practice) or a preset number of times,
where the trace record includes the collected and recorded
multiple MDT measurement results, each of which includes
the location information of'the UE, and the trace record is sent
to a TCE through an EM.

Second Embodiment

A flow of adding location information of a UE to an MDT
measurement result in an LTE system without involving a
location server as illustrated in FIG. 8 includes:

An eNB selects a UE in a connected state to perform an
MDT function and configures an MDT measurement.

The UE reports an MDT measurement result.

The eNB measures an uplink signal of the UE and obtains
aT,-and an AoA, and in order to ensure the accuracy of the
T ,pvs the eNB may trigger the UE to send a dedicated pre-
amble.

TheeNB adds the T , ;- the AoA and the cell ID as location
information of the UE to the MDT measurement result upon
reception of the MDT measurement result, where the cell ID
is the information of a serving cell where the UE is currently
located.

The processes of reporting the MDT measurement result,
measuring the T, ;- and the AoA and adding the location
information of the UE to the MDT measurement result are
repeated.

The eNB triggers to report a trace record after collecting
the location information of the UE and the MDT measure-
ment result for a period of time (the particular length of which
can be set as needed in practice) or a preset number of times,
where the trace record includes the collected and recorded
multiple MDT measurement results, each of which includes
the location information of'the UE, and the trace record is sent
to a TCE through an EM.

Third Embodiment

A flow of adding location information of a UE to an MDT
measurement result in a UMTS without involving a location
server as illustrated in FIG. 9 includes:

An RNC selects a UE in a connected state to perform an
MDT function and configures an MDT measurement.

The UE reports an MDT measurement result, and the RNC
configures T, ,,-and AoA related measurements.

The RNC adds the T, the AoA and the cell ID as
location information of the UE to the MDT measurement
result upon reception of the MDT measurement result.

The processes of reporting the MDT measurement result,
measuring the T, ;- and the AoA and adding the location
information of the UE to the MDT measurement result are
repeated.

The RNC triggers to report a trace record after collecting
the location information of the UE and the MDT measure-
ment result for a period of time (the particular length of which
can be set as needed in practice) or a preset number of times,
where the trace record includes the collected and recorded
multiple MDT measurement results, each of which includes
the location information of'the UE, and the trace record is sent
to a TCE through an EM.

Fourth Embodiment

A flow of adding location information of a UE to an MDT
measurement result in an LTE system without involving a
location server as illustrated in FIG. 10 includes:
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An eNB selects a UE in a connected state to perform an
MDT function and makes an MDT measurement on the UE.

The eNB measures an uplink signal of the UE and obtains
aT,-and an AoA, and in order to ensure the accuracy of the
T, pp» the eNB may trigger the UE to send a dedicated pre-
amble.

The eNB adds the T ,,,;, the Ao A and the cell ID as location
information of the UE to an MDT measurement result for the
UE after obtaining the MDT measurement result.

The processes of making the MDT measurement on the
UE, measuring the T, ;,;-and the AoA and adding the location
information of the UE to the MDT measurement result are
repeated.

The eNB triggers to report a trace record after collecting
the location information of the UE and the MDT measure-
ment result for a period of time (the particular length of which
can be set as needed in practice) or a preset number of times,
where the trace record includes the collected and recorded
multiple MDT measurement results, each of which includes
the location information of'the UE, and the trace record is sent
to a TCE through an EM.

Referring to FIG. 11, an embodiment of the invention
provides an apparatus for determining location information
of'a UE during an MDT procedure, the apparatus includes:

an MDT measurement result determining component 11
configured to select a UE in a connected state and determine
an MDT measurement result corresponding to the UE; and

a location information adding component 12 configured to
determine and add location information of the UE to the MDT
measurement result corresponding to the UE.

Preferably, the MDT measurement result determining
component 11 is configured to configure the UE withan MDT
measurement, trigger the UE to perform the MDT measure-
ment and obtain the MDT measurement result reported by the
UE; or is configured to make the MDT measurement on the
UE and determine the MDT measurement result correspond-
ing to the UE.

Preferably, the location information adding component 12
is configured to determine a Timing Advance (T ;) and an
Angle of Arrival (AoA) corresponding to the UE; and calcu-
late the location information of the UE according to the T, ;-
and the AoA corresponding to the UE, or determine the T , ;-
and the AoA corresponding to the UE and information of a
serving cell where the UE is currently located as the location
information of the UE.

Preferably, the apparatus further includes:

a location information sending component 13 configured
to send the MDT measurement result, to which the location
information of the UE is added, to a Trace Control Entity.

Preferably, the location information sending component 13
is configured to record multiple MDT measurement results
and multiple pieces of location information of the UE added
to the MDT measurement results; and send the recorded
multiple MDT measurement results and multiple pieces of
location information of the UE added to the MDT measure-
ment results to the TCE by reporting a trace record.

Preferably, the location information sending component 13
is configured to send the MDT measurement result, to which
the location information of the UE is added, to the TCE
through an EM.

Preferably, the apparatus for determining location infor-
mation of a UE during an MDT procedure according to the
embodiment of the invention may be an eNB or an RNC.

In summary, in the technical solutions according to the
embodiments of the invention, location information of a user
equipment is obtained during an MDT procedure, and with-
out involving a location server, an eNB/an RNC itself posi-
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tions the user equipment and adds a positioning result or the
location information to the trace record, and sends the trace
record to the TCE, thus simplifying a flow of obtaining the
location information, decreasing a delay in positioning, mak-
ing an MDT measurement result more timely and making it
possible to provide relevant location information for all the
online user equipments without being limited by the position-
ing capability of the user equipment.
Those skilled in the art shall appreciate that the embodi-
ments of the invention can be embodied as a method, a system
or a computer program product. Therefore the invention can
be embodied in the form of an all-hardware embodiment, an
all-software embodiment or an embodiment of software and
hardware in combination. Furthermore the invention can be
embodied in the form of a computer program product embod-
ied in one or more computer useable storage mediums (in-
cluding but not limited to a disk memory, an optical memory,
etc.) in which computer useable program codes are contained.
The invention has been described in a flow chart and/or a
block diagram of the method, the device (system) and the
computer program product according to the embodiments of
the invention. It shall be appreciated that respective flows
and/or blocks in the flow chart and/or the block diagram and
combinations of the flows and/or the blocks in the flow chart
and/or the block diagram can be embodied in computer pro-
gram instructions. These computer program instructions can
be loaded onto a general-purpose computer, a specific-pur-
pose computer, an embedded processor or a processor of
another programmable data processing device to produce a
machine so that the instructions executed on the computer or
the processor of the other programmable data processing
device create means for performing the functions specified in
the flow(s) of the flow chart and/or the block(s) of the block
diagram.
These computer program instructions can also be stored
into a computer readable memory capable of directing the
computer or the other programmable data processing device
to operate in a specific manner so that the instructions stored
in the computer readable memory create an article of manu-
facture including instruction means which perform the func-
tions specified in the flow(s) of the flow chart and/or the
block(s) of the block diagram.
These computer program instructions can also be loaded
onto the computer or the other programmable data processing
device so that a series of operational steps are performed on
the computer or the other programmable data processing
device to create a computer implemented process so that the
instructions executed on the computer or the other program-
mable data processing device provide steps for performing
the functions specified in the flow(s) of the flow chart and/or
the block(s) of the block diagram.
Evidently, those skilled in the art can make various modi-
fications and variations to the invention without departing
from the spirit and scope of the invention. Thus the invention
is also intended to encompass these modifications and varia-
tions thereto so long as the modifications and variations come
into the scope of the claims appended to the invention and
their equivalents.
What is claimed is:
1. A method for determining location information of a User
Equipment, UE, during a Minimum Drive Test, MDT, proce-
dure, comprising:
selecting a UE in a connected state and determining an
MDT measurement result corresponding to the UE; and

determining and adding the location information of the UE
to the MDT measurement result corresponding to the
UE,
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wherein determining the location information of the UE

comprises:

determining a Timing Advance, T,,,, and an Angle of

Arrival, AoA, corresponding to the UE, and
calculating the location information of the UE according to
the T, ,,-and the Ao A corresponding to the UE; or deter-
mining the T ;- and the AoA corresponding to the UE
and information of a serving cell where the UE is cur-
rently located as the location information of the UE.

2. The method according to claim 1, wherein determining
the MDT measurement result corresponding to the UE com-
prises:

anetwork side equipment configuring the UE withan MDT

measurement, triggering the UE to perform the MDT
measurement and obtaining the MDT measurement
result reported by the UE; or

the network side equipment making the MDT measure-

ment on the UE and determining the MDT measurement
result corresponding to the UE.

3. The method according to claim 2, further comprising:

sending the MDT measurement result, to which the loca-

tion information of the UE is added, to a Trace Control
Entity.

4. The method according to claim 1, further comprising:

sending the MDT measurement result, to which the loca-

tion information of the UE is added, to a Trace Control
Entity.

5. The method according to claim 4, wherein sending the
MDT measurement result, to which the location information
of the UE is added, to the Trace Control Entity comprises:

recording multiple MDT measurement results and mul-

tiple pieces of the location information of the UE added
to the MDT measurement results; and

sending the recorded multiple MDT measurement results

and multiple pieces of the location information of the
UE added to the MDT measurement results to the Trace
Control Entity by reporting a trace record.

6. The method according to claim 4, wherein the MDT
measurement result, to which the location information of the
UE is added, is sent to the Trace Control Entity through an
Element Management, EM.

7. An apparatus for determining location information of a
User Equipment, UE, during a Minimum Drive Test, MDT,
procedure, comprising:
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an MDT measurement result determining component con-
figured to select a UE in a connected state and determine
an MDT measurement result corresponding to the UE;
and

a location information adding component configured to
determine and add the location information of the UE to
the MDT measurement result corresponding to the UE,

wherein the location information adding component is
configured to determine a Timing Advance, T ,,,;, and
an Angle of Arrival, AoA, corresponding to the UE; and
calculate the location information of the UE according
to the T ;- and the AoA corresponding to the UE, or
determine the T ;- and the AoA corresponding to the
UE and information of a serving cell where the UE is
currently located as the location information of the UE.

8. The apparatus according to claim 7, wherein the MDT
measurement result determining component is configured to
configure the UE with an MDT measurement, trigger the UE
to perform the MDT measurement and obtain the MDT mea-
surement result reported by the UE; or is configured to make
the MDT measurement on the UE and determine the MDT
measurement result corresponding to the UE.

9. The apparatus according to claim 8, further comprising:

a location information sending component configured to
send the MDT measurement result, to which the location
information of the UE is added, to a Trace Control
Entity.

10. The apparatus according to claim 7, further compris-

ing:

a location information sending component configured to
send the MDT measurement result, to which the location
information of the UE is added, to a Trace Control
Entity.

11. The apparatus according to claim 10, wherein the loca-
tion information sending component is configured to record
multiple MDT measurement results and multiple pieces of
the location information of the UE added to the MDT mea-
surement results; and send the recorded multiple MDT mea-
surement results and multiple pieces of the location informa-
tion of the UE added to the MDT measurement results to the
Trace Control Entity by reporting a trace record.

12. The apparatus according to claim 10, wherein the loca-
tion information sending component is configured to send the
MDT measurement result, to which the location information
of the UE is added, to the Trace Control Entity through an
Element Management, EM.

#* #* #* #* #*



